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Abstract: Cold stress at seedling stage is a major constraint in boro rice production. Nine boro rice lines were 
crossed in diallel fashion excluding reciprocals to obtain 36 crosses. All the 36 crosses along with parents were 
grown in nursery in three seasons (boro-2014, kharif-2015 and boro-2015). Performance of seedlings for survival 
per cent, chlorophyll content, relative water content, membrane stability index was recorded just before transplanting 
in all the three seasons. Scoring for cold tolerance was done in both boro seasons. Gautam showed highest survival 
rate over three seasons. Among crosses, IR 64 x Krishna Hamsa showed highest survival (84%)  in boro-2014, 
MTU 1010 x Jaya (86.33%) in boro-2015 and MTU 1010 x Krishna Hamsa (95.67%) in kharif-2015. Jaya x Krishna 
Hamsa was most cold tolerant cross over both boro seasons. Significant positive correlation was observed among 
survival per cent, chlorophyll content, relative water content and membrane stability index over seasons. 
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INTRODUCTION 
Temperature affects growth and development of a rice 
plant by influencing various physiological processes at 
cell, tissue and organ level. Yoshida (1981) reported 
that 10 oC is the minimum critical temperature below 
which rice does not germinate. Cold stress in rice de-
lays germination and emergence and ultimately surviv-
al per cent. The critical temperature for root develop-
ment is 12 to 16 oC, for shoot development is 7 to 16 
oC and for shoot and root development is 10 oC 
(Basuchaudhuri, 2014). Boro rice may suffer from low 
temperature stress as the nursery is grown in the cold 
months of November. Generally, the nursery of boro 
rice remains in field for more than two months i.e. 
from mid November to January. The harvesting of 
boro rice is done in last week of April (for early varie-
ties) to June (for late varieties). So, boro rice may be 
affected by low temperature stress during seedling 
stage and by high heat stress during reproductive stage.  
Cold tolerance at seedling stage enable plants to pro-
duce more than suceptible genotypes as higher survival 
per cent of genotypes at seedling stage ensure optimum 
plant population in field. 
Keeping in view the above mentioned facts, an experi-
ment was conducted to find out the survival per cent, 
chlorophyll content, relative water content, membrane 
stability index and screen out cold tolerant genotypes 
at seedling stage.  
MATERIALS AND METHODS 
The nine varieties of rice (IR 8, IR 36, IR 64, HUR 36, 
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HUR 105, MTU 1010, Jaya, Krishna Hamsa and Gau-
tam) were crossed in diallel mating design excluding 
reciprocals to obtain 36 crosses. All the 36 crosses 
along with 9 parents were evaluated for survival per 
cent, chlorophyll content, relative water content, mem-
brane stability index at seedling stage in three seasons 
i.e. boro-2014, kharif-2015 and boro-2015 and scoring 
for cold tolerance was done for both boro seasons at 
Agricultural Research Farm of Banaras Hindu Univer-
sity.  
Seeds were soaked in water overnight and then kept in 
moistened gunny bags for two days for sprouting. The-
se sprouted seeds were spread uniformily on prepared 
seed bed in last week of November in boro seasons 
(boro-2014 and boro-2015) so that the genotypes faced 
low temperature at seedling stage. The data was rec-
orded just before uprooting the seedlings for trans-
planting at 60 DAS, according to the Standard Evalua-
tion System for Rice (IRRI, 2002). The scale for seed-
ling cold tolerance ranged from 1-9 in which 1- dark 
green seedlings, 3- light green seedlings, 5- yellow 
seedlings, 7- brown seedlings and 9-dead seedlings. In 
kharif-2015, sowing was done in mid of June and 21 
days seedlings were transplanted in field. The data on 
given traits was recorded just before transplanting to 
compare it with boro seasons. Data on cold tolerance 
was not recorded in kharif season as there is no issue 
of cold stress in kharif unlike boro seasons. Chloro-
phyll content of leaf was measured in the nursery with 
the help of SPAD - 502 Chlorophyll meter. Relative 
water content (RWC) was calculated using the method 
of Mata and Lamattina (2001).  
 RWC (%) = (FW – DW)/(TW – DW) × 100  
Where, fresh weight (FW) and dry weight (DW) were 
obtained after drying the samples at 80 °C for at least 
48 h. Turgor weight (TW) was determined by subject-
ing leaves to rehydration for 2 h. 
The membrane stability index (MSI) was determined 
indirectly by measuring the electrical conductivity 
following the protocol of Sairam et al. (2002). The 
conductivity was determined using a conductivity me-
ter (ELICO CM 180). Leaf samples (0.2 g) were 
placed in 30 ml of distilled water in two sets. One set 
was kept at 40 ºC for 30 min and then its conductivity 
(C1) was recorded using a conductivity meter. The 
second set was kept in a boiling water bath (100 ºC) 
for 15 min and its conductivity was also recorded (C2). 
The calculation of Membrane Stability Index was done 
using the formula, 
 MSI= [1- (C1/C2)] X 100 
Statistical analysis was performed with the help of 
statistical software MS Excel (2007) and IBM SPSS 
Statistics 20. 
RESULTS AND DISCUSSION 
Rice is an important crop sensitive to different type of 
abiotic stresses. Pathak et al. (1999) reported that cold 
stress at seedling stage leads to poor germination, poor 
vigor, stunted seedling growth, seedling chlorosis and 
seedling mortality. Analysis of variance for survival 
per cent, chlorophyll content, relative water content 
(RWC) and membrane stability index (MSI) was done 
for three growing seasons (boro-2014, boro-2015 and 
kharif-2015) separately. It showed significant varia-
tions among genotypes in three different seasons 
(Table 1). In the present investigation, December and 
January remained the coldest month in both boro sea-
sons during nursery raising period. In these two 
months, the minimum temperature fell below the criti-
cal temperature required for rice germination. The op-
timum range for germination and early seedling 
growth of rice is 25–30 ºC, which is attained in kharif 
season. Boro rice is adversely affected by low temper-
ature in its vegetative stage. Leaf yellowing score is 
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Table 1. Analysis of variance over seasons (boro-2014, boro-2015 and kharif-2015) for given traits of rice.  
SV DF Season SP CHL RWC MSI 
Replication 2 B-2014 1.12 0.24 0.40 1.26 
B-2015 1.81 0.54 0.27 0.19 
K-2015 2.72 0.34 0.13 0.01 
Treatment 44 B-2014 218.66*** 18.11*** 209.01*** 223.33*** 
B-2015 324.75*** 15.31*** 196.64*** 184.81*** 
K-2015 43.92*** 7.59*** 204.65*** 76.84*** 
Error 88 B-2014 1.63 2.63 0.39 0.84 
B-2015 1.77 0.47 0.24 0.14 
K-2015 1.61 0.60 0.13 0.17 
*p<0.05; **p<0.01;***p<0.001; SV-Source of variation; DF – Degrees of freedom; SP- Survival %, CHL-Chlorophyll content, 
RWC- Relative water content, MSI-Membrane stability index  
Table 2. Rice genotypes scored for cold tolerance over two boro seasons (boro- 2014 and boro- 2015).  
Score Genotypes (boro-2014) 
1 Jaya x Krishna Hamsa, Krishna Hamsa x Gautam 
3 HUR 36, Jaya, Krishna Hamsa, Gautam, IR8 x Jaya, IR 36 x MTU 1010, IR 64x MTU 1010, IR 64 X Jaya, IR 64 x 
Krishna Hamsa, MTU 1010 x Jaya, MTU 1010 x Krishna Hamsa, Jaya x Krishna Hamsa 
5 IR 64, HUR 105,MTU1010, IR 8 x IR 36, IR 8 x MTU 1010, IR 36 x IR 64, IR 36 x HUR 105, IR 36 x Jaya, IR 36 x 
Krishna Hamsa, HUR 105 x MTU 1010, HUR 105 x Jaya, HUR 105 x Gautam, MTU 1010 x Gautam 
7 IR 8, IR 36, IR 8 x IR 64, IR 8 x IR 64, IR 8 x Krishna Hamsa, IR 36 X HUR 36, IR36 x Gautam,IR 64 x HUR 105, 
IR 64 x Gautam, HUR 36 x HUR 105, HUR 36 x Jaya, HUR 36x Krishna Hamsa, HUR 36 x Gautam, HUR 105 x 
Krishna Hamsa 
9 IR 8 x HUR 105,IR 8 x Gautam, IR 64 x HUR 36, HUR 36 x MTU 1010 
  Genotypes (boro-2015) 
1 Jaya x Krishna Hamsa, Jaya x Gautam 
3 Gautam, IR 8 x Jaya, IR 36 x Krishna Hamsa, IR 64 x Krishna Hamsa, MTU 1010 x Krishna Hamsa, MTU 1010 x 
Gautam, Krishna Hamsa x Gautam 
5 HUR 36, HUR 105, MTU 1010, Jaya, Krishna Hamsa, IR8 x IR 36, IR 8 x Krishna Hamsa, IR 36 x IR 64, IR 64 x 
MTU 1010, IR 64 x Jaya, IR 64 x Gautam, HUR 36 x HUR 105,HUR 105 x MTU 1010,HUR 105 x Krishna Hamsa, 
MTU 1010 x Jaya 
7 IR 8, IR 36, IR 64, IR 8 x HUR 105, IR 8 x MTU1010, IR 8 x Gautam, IR 36 x HUR36, IR 36 x HUR 105, IR 36 x 
MTU 1010, IR 36 x Jaya, HUR 36 x Jaya, HUR 105 x Gautam, HUR 105 x Jaya, IR 36 x Gautam, IR 64 x HUR 36, 
IR 64 x HUR 105, HUR 36 x MTU 1010, HUR 36 x Krishna Hamsa, HUR 36 x Gautam 
9 IR 8 x IR 64, IR 8 x HUR 36 
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 most widely used technique for screening cold tolerant 
rice seedlings in nursery (Dutta and Pathak, 2007; Pri-
yanka et al., 2015). Most of the genotypes showed 
differential performance over seasons (Table 2). 
Among parents, Gautam was scored as cold tolerant 
over seasons (boro-2014 and boro-2015). Among 
crosses, Jaya x Krishna Hamsa recorded best score for 
cold tolerance over both boro seasons. Besides this, IR 
8 x Jaya, IR 64 x Krishna Hamsa and MTU 1010 x 
Krishna Hamsa also showed tolerance towards cold 
over both seasons. Parents and Crosses which recorded 
1 and 3 scores were cold tolerant and moderately cold 
tolerant respectively (Table 2). These can be used as 
breeding materials in boro season where cold stress is 
a major problem in vegetative stage. Susceptible seed-
lings turned brownish and dead. Hence, the survival 
per cent of seedlings decreased. 
Under severe cold conditions, rice seedlings fail to 
survive. In present study, survival percentage was rec-
orded (Fig.1) in all the three seasons (boro-2014, boro-
2015 and kharif-2015). It was found that low tempera-
ture stress at seedling stage caused decrease in final 
survival percentage. Among parental genotypes, the 
survival ranged from 63 % (IR 36) to 84.33 % 
(Gautam) in boro-2014, 64 % (IR 36) to 86 % 
(Gautam) in boro-2015, and 81.67 % (HUR 36) to 
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Table 3. Correlation studies between Survival per cent, Chlorophyll content, Relative water content and Membrane stability 
index in rice seedlings over seasons. 
Boro-2014 
  SP CHL RWC MSI 
SP 1       
CHL 0.517** 1     
RWC 0.616** 0.453** 1   
MSI 0.458** 0.363* 0.902** 1 
Boro-2015 
SP 1       
CHL 0.596** 1     
RWC 0.569** 0.540** 1   
MSI 0.344* 0.411** 0.847** 1 
Kharif-2015 
SP 1       
CHL 0.647** 1     
RWC 0.705** 0.601** 1   
MSI 0.635** 0.420** 0.696** 1 
**significant at 0.01 level; *significant at 0.05 level; SP- Survival %; CHL-Chlorophyll content; RWC- Relative water content; 
MSI-Membrane stability index 
Fig. 1. Survival per cent of parents and crosses over three seasons. 
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 92.33 % (HUR 105) in kharif-2015. Among parents, 
Gautam showed highest survival 84.33 % (in boro-
2014) and 86 % (in boro-2015). In kharif-2015 the 
same variety showed higher survival (87 %).Among 
crosses, survival % ranged from 45.33 % (IR 8 x IR 
64) to 84 % (IR 64 x Krishna Hamsa) in boro-2014, 
49.67 % (IR 36 x MTU 1010) to 86.33 % (MTU 1010 
x Jaya) in boro-2015 and 81.33 % (IR 8 x HUR 105 
and HUR 36 x Gautam) to 95.67 % (MTU 1010 x 
Krishna Hamsa) in kharif-2015. Among crosses, IR 64 
x Krishna Hamsa showed highest survival (84 %)  in 
boro-2014, MTU 1010 x Jaya (86.33 %) in boro-2015 
and MTU 1010 x Krishna Hamsa (95.67 %) in kharif-
2015. The genotypes and crosses showed better sur-
vival per cent in kharif-2015 than boro seasons (boro-
2014 and boro-2015) as they got favourable tempera-
ture for growth and development. The mean survival 
percent of parents and crosses in kharif-2015 (85.74 
%) was higher than both boro seasons (67.43 % in bo-
ro-2014 and 68.66 % in boro-2015). The low survival 
per cent of genotypes in boro seasons may be due to 
cold stress (Fig.1). Survivality of seedlings are im-
portant to attain an optimum plant population in field. 
So, in boro season, seed rate should be high enough to 
obtain sufficient seedlings at the time of transplanting. 
Chlorophyll content of seedlings before transplanting 
was measured by SPAD (Fig. 2). Among parental gen-
otypes, Gautam followed by Krishna Hamsa and Jaya 
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Fig. 2. Chlorophyll content of parents and crosses over three seasons. 
Fig. 3. Relative water content of parents and crosses over three seasons.  
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 exhibited highest chlorophyll content in boro-2014, 
Jaya followed by Gautam and HUR 36 in boro-2015, 
whereas Gautam followed by IR 36 x MTU 1010 in 
kharif-2015. In crosses, the chlorophyll content ranged 
from 6.51 (HUR 36 x MTU 1010) to 16.27 (Jaya x 
Gautam) in boro-2014, 7.83(IR 8 x HUR 105) to 18.8
(Jaya x Gautam) in boro-2015 and 18.06 (IR 36 x 
HUR 105) to 24.63 (HUR 105 x Gautam) in kharif-
2015. The mean performance in kharif-2015 (21.82) 
was better than boro-2014 (11.95) and boro-2015
(12.66). Low temperature stress significantly reduces 
chlorophyll concentration in susceptible rice genotypes 
(Aghaee et al., 2011 and Jan et al., 2015). Yadegari et 
al. (2007) also reported that cold stress affects chloro-
phyll content in soybean. In the present study, the 
mean chlorophyll content of parents and crosses were 
significantly lower in both boro seasons than in kharif 
season (Fig. 2). Low temperature during seedling 
growth in boro season might have caused low photo-
synthetic rate hence low chlorophyll content than  
kharif season. 
Among parental genotypes, Gautam exhibited highest 
RWC (relative water content) in all the three seasons 
i.e. 83.47 % in boro-2014, 86.30 % in boro-2015 and 
88.59 % in kharif-2015. Among crosses, the RWC 
(relative water content) ranged from 51.29 % (HUR 36 
x Jaya) to 81.51 % (Krishna Hamsa x Gautam) in boro
-2014, 58.18 % (IR 8 x Gautam) to 82.90 % (Krishna 
Hamsa x Gautam) in boro-2015 and 59.53 % (IR 8 x 
IR 64) to 87.51 % (IR 64 x Krishna Hamsa) in kharif-
2015. The mean performance of kharif-2015 (72.46 %) 
was greater than boro-2014 (65.82 %) and boro-2015 
(69.14 %). Howerver, among boro seasons, the mean 
performance of boro-2015 was better than boro-2014 
(Fig.3). Relative water content was found to be lower 
in rice seedlings in both boro seasons than kharif in 
most of the genotypes (Fig. 3). Only few genotypes 
showed almost similar relative water content in all the 
three seasons. Singh et al. (2012) reported that chilling 
stress reduces relative water content in maize plants 
which is in agreement with the present study in case of 
rice. 
Among parental genotypes, Gautam showed highest 
membrane stability index in boro-2014 (82.40 %) and 
boro-2015 (85 %). In kharif-2015, Jaya (86.53 %) ex-
hibited highest membrane stability index. The mem-
brane stability index ranged from 55.90 % (HUR 36 x 
Jaya) to 82.20 % (Krishna Hamsa x Gautam) in boro-
2014, 55.43 % (IR 8 x IR 36) to 80.90 % (MTU 1010 x 
Jaya) in boro-2015 and 60.88 % (IR 8 x IR 64) to 87.2 
% (IR 64 x Krishna Hamsa) in kharif-2015. The mean 
performance of kharif-2015 (78.16 %) was greater than 
boro-2014 (69.92 %) and boro-2015 (71.06 %). 
Howerver, among boro seasons, the mean performance 
of boro-2015 was better than boro-2014 (Fig. 4). 
Yamada et al. (2004) reported that most of the plants 
show high degree of membrane damage when exposed 
to cold stress. Habibi et al. (2011) also reported that 
cold stress significantly affected the cell membrane 
system in wheat cultivars. In the present study, mem-
brane stability index was relatively lower in both boro 
seasons in comparison to kharif season (Fig. 4). 
Correlation studies showed significant and positive 
correlation among survival per cent, chlorophyll con-
tent, relative water content and membrane stability 
index over seasons (Table 3). 
Conclusion 
In the present study, most of the parents and crosses 
showed better performance in kharif than both boro 
seasons for the studied traits. This may be due to low 
temperature stress condition during the seedling stage 
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Fig. 4. Membrane stability index of parents and crosses over three seasons.  
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 in boro season. To generate appropriate genotypes for 
boro season evaluation of seedlings for cold tolerance 
is important. The genotypes scored in cold tolerant 
groups may be used as breeding material in boro sea-
sons. Most of the cold tolerant genotypes exhibited 
high survival per cent, high chlorophyll content, high 
relative water content and high membrane stability 
index than the susceptible ones. 
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